The United States spends nearly twice as much per capita on health care as several OECD countries. Based on previous research, universal health care decreases the total health care expenditure due to the single-payer system; it is still unknown whether a mixed health care system has superiority. In this study, we compare and evaluate both quality of care and administrative costs among six developed countries, upon three groups: single-payer universal health care system (Australia and Canada), two-tier health care system (France and Japan), and insurance mandate health care system (Switzerland and the US). The results show that both single-payer system and two-tier system are superior to insurance mandate system on health insurance administration costs. Also, regarding insurance mandate system, the healthcare system in Switzerland is more efficient than that in the US. So, we conclude that it is possible for the US to choose a diverse healthcare system, instead of focusing on one system, to trim the healthcare administration cost and improve the quality of care for the entire country.
Introduction
In 1991, Woolhandler and Himmelstein [1] reported that people in the United States spent about $450 per capita on healthcare administration in 1997, whereas Canadians spent one third as much. In 2009, healthcare spending in the US reached $8015 per capita, versus only $4269 in Canada. Data from the OECD show that the US spent 17.1% of its GDP on health care in 2009. This was almost 50% more than the next-highest spender (Germany 11.75% of GDP) and almost double what was spent in the UK (9.73%) [2] . Meanwhile, OECD data also showed that administration costs in the US health care are the highest in the developed countries, accounting for nearly 8% of healthcare spending, over $650 per capita in 2011 ( Figure 5 & Figure 6 ). Globally, health care systems spend about 3% on average on administration cost. In 2010, the Patient Protection and Affordable Care Act, called PPACA or ACA but also known as Obamacare, was enacted, providing for the phased introduction over multiple years of a comprehensive system of mandated health insurance reforms designed to eliminate "some of the worst practices of the insurance companies". Healthcare spending growth has slowed in the US since 2009. The real growth rate per capita in the US declined from 2.47% between 2003 and 2009 to 1.5% between 2009 and 2013 [3] . Obamacare also helped to reduce non-medical spending in the sector, and resulting in $3.7 billion in savings between 2011 and 2013 [4] . However, despite its heavy investment in health care, the US still have poor results on several key health outcome measures, such as life expectancy, the prevalence of chronic conditions, and avoidable mortality [2] [3] .
Based on the data analysis from OECD, US devotes a large percentage of its GDP on healthcare and a large percentage of its healthcare expenditure to administration than any other country, but with a relatively low and poor health outcomes. Continuing on the research testing healthcare expenditure efficiency in 2016 [2] , we would like to study about the efficiency of healthcare administration costs among different healthcare systems and provide suggestions on the direction of future healthcare reforms for the US. When studying the way that health care is organized in different countries, one of the major questions is whether private or public systems are preferable.
Generally, there are three types of healthcare payment systems over the world, single-payer system, two-tire system, and insurance mandate system. Single payer system healthcare is a system in which the state, rather than private insurers, pays for all healthcare costs. The term "single payer" describes the funding mechanism, referring to healthcare financed by a single public body from a single fund. Many nations worldwide have single-payer health insurance programs.
In our research, we choose Canada and Australia as the representative of single-payer healthcare system. Healthcare in Canada is delivered through a publicly funded health care system, informally called Medicare, which is mostly free at the point of use and has most services provided by private entities. Under the Canadian Health Act, all citizens are guaranteed government-sponsored health insurance. Provinces and territories in Canada have primary responsibility for organizing and delivering health services and supervising providers. The provinces and territories administer their own universal health insurance programs, covering all provincial and territorial residents according to their own residency requirements [5] . The main funding sources are general provincial and territorial spending, which was forecast to constitute 93% of public health spending in 2015 [6] . However, the healthcare in Canada is not a strict single-payer system.
Excluding the public reimbursement, private insurance starts to play a role on covering citizens' healthcare expenses. Similar as Australia, this is not a strict single-payer system either. The government is still the major fund source to support the states, and health professions, subsiding primary care providers through different programs. The federal government funds Medicare, a universal public health insurance program providing free or subsidized access to care for Australian citizens and residents [7] . We treat these two countries as the representative of single-payer system due to two reasons: 1) government is the major funding source; 2) public financed healthcare services are free to residents. Two-tier healthcare system is a situation in which a basic government-provided healthcare system provides basic care, and a secondary tier of care exists for those who can pay for additional better quality or faster access. Most of countries have both publicly and privately funded healthcare (even including Canada and Australia), but the degree to which creating a quality differential depends on the way the two systems are managed, funded and regulated. We choose France and Japan to explain the two-tier healthcare system. Healthcare in France is a system of private and public physicians, who largely draws their income from the government. Patients pay a small copayment for certain aspects of care, and many people choose to cover the costs by taking out supplemental health insurance for which a small premium is payable each year. France has a two-tier funding arrangement, with compulsory funding of core medical services from taxation, with optional private insurance for the cost of copayments and premiums. Healthcare in Japan is regulated by government through the universal public health insurance system (PHIS). The national and local governments are required by law to ensure a system that efficiently provides good-quality and well-suited medical care to the nation. The PHIS, comprising more than 3,400 insurers, provides universal primary coverage [8] . Citizens are mandated to enroll in one of the PHIS plans based on employment status and/or place of residence, paying with certain amount of premium. Even the private health insurance plays a complementary role to support Japanese medical needs; the entire payment system includes government funding and private payment.
Insurance mandate healthcare system is either an employer or individual mandate to obtain private health insurance which instead of (or in additional to) a national health insurance plan. In this part, we select Switzerland and the United States as the representative. Especially, the major goal for this research is to compare the inefficiency of the US healthcare system with others. Healthcare in Switzerland is universal and is regulated by the Swiss Federal Law on Health Insurance. There are no free state-provided health services, but private health insurance is compulsory for all persons residing in Switzerland. Health insurance covers the costs of medical treatment and hospitalization of the insured. The insured person pays part of the cost of treatment. The healthcare system in the US, after the most recent healthcare reform, established "shared responsibility" between the government, employers, and individuals for ensuring that all Americans have access to affordable and good-quality health insurance. However, health coverage remains fragmented, with numerous private and public sources as well as wide gaps in insured rates across the US population. United States has a quite similar healthcare system as Switzerland. If we are able to prove Switzerland is capable to utilize their administration costs more efficiently than the United States.
The major research goal for our study is testing whether the healthcare administration costs are efficient or not among three healthcare systems, in six countries. We would like to supply an empirical proof to support more options for the US healthcare system reform in the future, using a non-parametric analysis methodology. We summarize several previous studies about healthcare administration costs among different countries, using varieties of methods in Section 2. We explain the data and empirical model used in this research in Section 3. In Section 4, we illustrate the results. In Section 5, we conclude and discuss our results and provide suggestion for future healthcare reforms in the United States.
Literature Review
So far, there is no conclusion about which healthcare system is the most efficient. But plenty of studies have compared those different healthcare systems by looking at diverse healthcare indicators and performances. Among those studies, Ellis, Chen, and Luscombe [9] provided a comprehensive evaluation on different types of healthcare systems, represented by five developed countries. Their study discussed about the comparisons from healthcare agents and choices, coverage and national expenses, revenue, cost control, specialized insurance programs, as well as the comparisons among different countries representing those different healthcare systems. Unfortunately, their paper didn't reach a conclusion which healthcare system was prior to the others but mentioned about the hardship of identifying the most effective healthcare system in the world by utilizing what were feasible in the current research sources.
Similarly, E. Mossialos, M. Wenzl, R. Osborn and Sarnak, D. [10] [11] provided a more detailed overview of different healthcare systems among eighteen countries including both developed and developing countries, with more healthcare indicators compared. Among those indicators, the total healthcare spending showed that US had the highest healthcare-spending share of GDP comparing with the other countries.
US high healthcare cost and inefficient system is also indicated by DPE Fact Sheet [11] . The fact sheet compared US health care system to other OECD countries in terms of healthcare costs and insurance coverage, finding that US had healthcare expenditure as double as the average of all OECD countries. It also pointed out that one of the main contributors of US high healthcare spending came from administration costs, which is the main objective our paper discusses.
Ridic, Gleason and Ridic [12] examined the difference of healthcare systems among US, Canada and Germany. They also discussed about the pros and cons of national health insurance program, social insurance program and private insurance program, represented by Canada, Germany and US respectively. They claimed that US healthcare system was beneficial for extending life expectancy for people over 80 years old as well as fostering pharmaceutical innovation. However, US healthcare system had its flaws such as creating lack of health insurance for certain group of people as well as the hardship of controlling costs. Also, the paper noticed that people in the US were the least satisfied with their healthcare system, while Canadian was the most satisfied. Medeiros and Schwierz [10] conducted similar research on the relative efficiency of healthcare systems across all EU countries by applying an input-output method. They calculated the efficiency score by looking at the life expectancy and mortality rate as the output by inputting healthcare expenditure, physical inputs and environmental variables. Their paper found inconsistency of the healthcare efficiency across different EU countries, among which some European countries have higher efficiency scores than others.
Moreover, several studies have proved that the healthcare administration costs are a main reason for healthcare inefficiency. For instance, Woolhandler, Campbell and Himmelstein [1] calculated the healthcare administrative costs between US and Canada by looking at the healthcare expenses from insurers, employers' health benefits program, hospitals, practitioners' offices, nursing homes, and home care agencies. They found in the US, the total administrative costs were $750+ per capita more than Canada, which indicated Canadian's single payer system was more efficient.
Pozen and Cutler [13] reached the similar conclusion by comparing the difference of incomes, administration, and medical interventions between US and Canada. They also provided the evidence that administration costs caused the largest difference of healthcare spending between these two countries. They applied a counterfactual approach by multiplying US spending to the percentage difference of spending between US and Canada to calculate the potential savings for US if it spends like Canada. This paper tries to build the bridge between the comparisons among different healthcare systems and administration costs as the contributor using an innovative technical efficiency analysis methodology. We compare the technical efficiency score of healthcare administration cost in 6 countries within three healthcare systems (single-payer, two-tier, and insurance mandate). Our research provides a solid evidence to proof that the U.S. is possible to learn and apply the experiences from not only single-payer system, but also two-tier system and insurance mandated system.
Data and Econometric Model
We use data from OECD statistics in 2011 with information on 6 countries, categorized into 3 health care systems. The reason why we focus on 2011 is because we have the most reliable and sufficient data about these 6 countries in 2011.
Single-payer system includes Canada and Japan; two-tier system includes Australia and France; and insurance mandate system includes Switzerland and the US. Table 1 summarizes the essential data on health expenditure for these 6 countries in 12 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) .
In this paper, the efficiency of health expenditure is evaluated by life expectancy at birth and number of live births. The efficiency of health administration cost here means its success in increasing the life expectancy at birth or number of live births as much as possible for a given amount of health administration cost (input oriented), or its success in decreasing health administration cost as much as possible for a given life expectancy or given number of live births (output oriented). Provided that all inputs and outputs are correctly measured, this interpretation is widely accepted.
The 10-year statistics relationship between inputs (health administration costs) and outputs (life expectancy and number of live birth) is illustrated through Figure 4 show the effects on number of live births from health administration costs in 6 countries over 12 years. The number of live births is very close for 6 countries and stable over 12 years. Meanwhile, the healthcare administration expenditure increases over years, especially the United States. Also, the United States is always ranked top 1 on health administration expenditure.
To illustrate the economic efficiency of health administration costs on evaluating the two health indicators (life expectancy and number of live births), we compare this specific influence among 6 countries in year of 2011. Figure 5 & Figure 6 represent the one-year comparison among 6 countries. We could have similar conclusion from one-year comparison as the multiple-year comparison. United States spent the most on healthcare expenditure and healthcare administration. Among 6 countries, the United States has the lowest life expectancy, and Japan has the lowest number of live births. After summarizing the data and explaining the relationships and influences, even we can easily conclude that the US spend way more than the other countries on healthcare. But we cannot prove that the US applies the healthcare spending inefficiently, just through the statistical analysis. We will test the economic efficiency of healthcare administration spending using a non-parametric methodology then. Economics efficiency is a combination of both technical efficiency (output with least input) and allocative efficiency (resources allocation for greatest-valued uses). This paper looks for the highest life expectancy and live birth amount with the least health administration costs for different healthcare systems. The definition and concept limits the focus of this study to the measurement of technical efficiency.
We apply a non-parametric method that allows the estimation of efficiency frontier and efficiency losses-Data Envelopment Analysis (DEA). This method is generally applied to decision-making units, by the firms, or non-profit or public organizations that convert inputs into outputs. This methodology, DEA, originating from Farrell's (1957) seminal work and popularized by Charnes, Cooper and Rhodes [14] , assumes the existence of a convex production frontier and accommodates multiple inputs and outputs without the requirement for a common denominator of measurement. DEA is particularly well-suited for analyzing the technical efficiency of health spending, as we used one input to produce multiple outputs, based on the observed relationship between health administration cost and quality of care. The production frontier in the DEA approach is constructed using linear programming. An empirical piece-wise linear frontier, i.e. "best practice frontier", isolates potential efficient units (points on the frontier) from inefficient units (all points enveloped by the frontier) [15] .
The measurement of technical efficiency using DEA depends on the assumed types of returns to scale. Returns to scale refers to the changes in output when all inputs change by the certain proportion. Constant returns to scale (CRS) means proportion changes in input will lead to same proportionate changes in output. And variable returns to scale (VRS) means the same proportion changes in input will lead to disproportionate changes in outputs, including increasing returns to scale (IRS) and decreasing returns to scale (DRS). Charnes, Cooper and Rhodes [14] developed DEA as a way to measure technical efficiency under constant returns to scale. However, the CRS model is not able to distinguish between scale efficiency and pure technical efficiency. In 1984, Banker [16] , Charnes and Cooper revised the model to measure technical efficiency under VRS, and capture the scale efficiency of each unit. Scale efficiency is then obtained by dividing each country's CRS technical efficiency score by its VRS technical efficiency score.
The overall shape of the frontier depends on the production possibility set, i.e. the assumption made for attainable points. The efficient units will be those that have an efficiency score of 1 (or 100%) and the inefficient ones will be those with efficiency scores less than 1 (or 100%). In this DEA method, the output variable is life expectancy at birth and live birth amount, and the input variable is health administration cost, which have been measured by two measurements: percentage of total health expenditure and health administration costs per capita. To illustrate the different effects of government expenditure and private sector spending, I also divide the output into two variables, total health administration costs and weighted health administration costs. The details about variables have been illustrated in Table 1 .
Empirical Results
The DEA model in this research is one-input and multiple-output model, with health administration cost as the input and the quality of care as output. The outcome measure includes life expectancy at birth and live birth amounts. We use two indicators as healthcare administration cost measures: one is health administration cost as a percentage of total healthcare expenditure (indicator_1), and the other is total health administration cost per capita (indicator_2). Health administration cost is expressed in terms of US$ Purchasing Power Parities (PPP) in order to take into account differences in prices and purchasing power across countries. Table 2 [DEA results for 2011 (total health admin costs)] reports the technology efficiency score with health administration cost (both indicator_1 and indicator_2) as the main input, and both life expectancy and live birth as the output. A country is efficient when the score equals one. The model is one-input, multiple-output model, and Table 2 has both input-oriented and outputoriented efficiency scores and rankings. Column 3 & Table 4 show the results when the right-hand variable is health administration cost as a percentage of total health expenditure for both input and output-oriented model. Column 9 & 10, 12 & 13 show the results when health administration cost is expressed in per capita terms. Table 2 shows that three countries are labeled as efficient-Australia, Japan and Switzerland. For each of them, there is no other country where people achieve a better result with fewer resources. For both input-oriented and output-oriented models, the US ranked as the last one of these six countries for both two indicators. For indicator_1, the efficiency score of the US is 0.354 for input-oriented model, i.e. the US was only able to produce 35.4% output with the same amount of resources other countries used. For indicator_2, the efficiency score of the US is only 0.163. As the representative of three different healthcare systems, Australia, Japan and Switzerland were all efficient on healthcare administration cost. We also divided weighted healthcare administration cost into two groups to test the difference between government and private sector. Table 3 [DEA results for 2011 (government weighted)] shows the technology efficiency scores for weighted health administration cost with heavier weighting on government (two indicators). For indicator_1, there are four countries labeled as efficient-Australia, Canada, Japan, and Switzerland. For indicator_2, there are also four countries labeled as efficient-Australia, France, Japan, and Switzerland. Obviously, for both two indicators, the US is inefficient on government-effort healthcare administration cost. Single-payer system is efficient when the input is measured health administration cost as a percentage of healthcare expenditure. Two-tier system is efficient when we evaluate health administration cost per capita. However, Switzerland, as the representative of Insurance Mandate system, is still efficient for both indicator_1 and indicator_2. sector. Column 3 & 4, 6 & 7still indicate the efficiency scores when input is measured as health administration costs as a percentage of healthcare expenditure. In these columns, all countries are efficient on health administration cost application. Column 9 & 10, 12 & 13 report the efficiency score when the input is measured as healthcare administration cost per capita. There are four countries labeled efficient-Australia, France, Japan, and Switzerland.
Conclusion and Discussion

Conclusions
The results allow four types of comparisons: 1) Across six developed countries, I compute efficiency for each of them; 2) Across three healthcare systems, single-payer system, two-tier system, and insurance mandate system; 3) Across two measurements of inputs, health administration cost as a percentage of total healthcare expenditure, and health administration cost per capita; 4) Across two sectors, private and public, to see whether these measures of efficiency and inefficiency are country specific.
Healthcare systems could be efficient based on different segments. To evaluate total administration expenditure or administration expenditure per capita, there is at least one country showing efficiency in all three healthcare systems: Australia for single-payer system, Japan for two-tier system, and Switzerland for insurance mandate system. To evaluate the administration spending of public sector, both single-payer system and two-tire system show the healthcare administration efficiency. However, when we evaluate the administration expenditure of private sector, all three healthcare systems shows the efficiency on applying healthcare administration costs.
Discussion
The government has proposed fundamental health reforms for years. There are a wide variety of reform models, and a number of different ways to get to universal coverage. Many argue that the only logical approach to such reform is a single-payer system, as in Canada, where one monopoly government insurer provides coverage for the entire population. Learning from single-payer system (like Canada) has been a long-term debate among health economists. This approach has a number of major efficiency advantages, including lower government expenditure, improve quality of care, maximize the bargaining power of the government, make the administration costs application more efficient than the US. Also the biggest disadvantage of this model is the long waiting time for almost everything-to get appointments with physicians, to get tests, to obtain surgeries, etc. In terms of waiting times and bureaucratic hassles, health care for patients may come to resemble the Canadian healthcare system.
Meanwhile, there are economists also said such an approach is highly unlikely to succeed in the US [17] . Gruber claimed that this approach would display the majority of insured Americans who are largely satisfied with the health insurance they receive from their employers, and require nationalizing an industry, private health insurance, with more than $500 billion in revenues per year. In this situation, there are also two other choices, such as two-tier system and insurance mandate system.
From the perspective of this article, two-tiered healthcare system also shows the efficiency of healthcare administration costs, especially Japan. The health care system in Japan provides services with the patient accepting responsibility for 30% of these costs while the government pays the remaining 70%. Japan has a healthcare system that costs half as much and often achieves better medical outcomes than its American counterpart. The healthcare insurance includes publicly financed health insurance, i.e. the PHIS (public health insurance system), and private health insurance, which plays a supplementary role. However, many health economists say Japan's low-cost system is probably not sustainable without significant change. For example, to keep the costs down, most of Japanese doctors make far less than their US counterparts with way more working loads; and also the moral hazard, due to the equal treatment to all patients, hurts the medical system as well.
Our results also demonstrate the efficiency of insurance mandate healthcare system when we evaluate the total healthcare administration costs. Switzerland, as an example of insurance mandate healthcare system, displays a more efficient way of operation than the US, who has the similar healthcare system. Healthcare in Switzerland is regulated by the Swiss Federal Law on Health Insurance. There are no free state-provided health services, but private health insurance is compulsory for all persons residing in Switzerland. The example of the Swiss system shows a) that the consumer-driven model does not work to control the costs and b) the irrelevancy of the argument over whether individuals are consumers at all [18] . Switzerland also has amongst the highest life expectancy in the world, and positive patient satisfaction reflect the high performance of the healthcare system, with a relative high healthcare expenditure, which is still much lower than how much the US spend on healthcare.
Our goal of this research is actually pointing out a direction for the US healthcare reforms using empirical proof, which has been argued over decades, especially after the Obamacare has been activated in 2010. Our research results, indeed, illustrate that besides single-payer system; all other healthcare system could perform the same level of healthcare outcomes, or even provide better medical results for patients or residents, with same or even lower administration costs. Comparing with single-payer system, two-tier system and insurance mandate system also reveal several advantages. To save on healthcare administration costs without harming the quality of care and health outcomes, the US federal government may look over more examples or experiences from other countries and other healthcare systems.
